Coronary computed tomographic angiography (CCTA) has become an important tool for non-invasive diagnosis of coronary artery disease (CAD). Coronary dominance can be assessed by CCTA; however, the predictive value of coronary dominance is controversially discussed. The aim of this study was to evaluate the prevalence and prognosis of coronary dominance in a large prospective, international multicentre cohort of patients undergoing CCTA.
Introduction
Coronary computed tomographic angiography (CCTA) has recently been introduced as a highly accurate 1 -4 and prognostically robust 5 -8 non-invasive imaging modality for the assessment of coronary artery disease (CAD). The CONFIRM (COronary CT Angiography EvaluatioN For Clinical Outcomes: An InteRnational Multicenter) registry enrolled ≥20 000 patients from 12 centres across North America, Europe, and Asia with suspected CAD who underwent a ≥64-detector row CCTA, and is the first prospective database evaluating the prognostic role of CCTA. 9 Coronary artery dominance is determined according to the coronary artery that emits the posterior descending artery. Right dominance is the most prevalent pattern of coronary circulation and is found in 72 -90% of individuals, while prevalence of left dominance is reported to be 8 -33%, whereas co-dominance has 3-7% of population prevalence. 10 The relatively low prevalence of left dominance in the general population and the decreasing prevalence of a left dominant or co-dominant coronary system with age have raised the question whether this variant may reflect a biological disadvantage relative to right dominance, and recent studies have hypothesized that left dominance may represent less well-balanced circulation with more myocardium at risk in acute coronary syndromes (ACSs). 11 Indeed, a previous study of 27 289 patients undergoing cardiac catheterization for ACS demonstrated that left dominance was associated with an increased hazard of death during a 3.5-year follow-up, 12 and a US registry reported that left dominance and co-dominance were associated with increased in-hospital mortality in 207 926 patients undergoing percutaneous coronary intervention (PCI) for ACS. 13 However, this work has been based on conventional angiograms. Since it is often difficult to delineate the course of coronary arteries by angiography because it only provides a two-dimensional view of a threedimensional structure, the present study analysed coronary dominance and outcome by multidetector coronary CCTA that not only provides information about the presence and degree of coronary stenosis, but also allows to see the origin and course of coronary arteries by a three-dimensional display of anatomy thereby permitting the determination of coronary artery variations. 14 -17 Although coronary vessel dominance is easily assessed on coronary CCTA, there is sparse information about the prognostic value of coronary vessel dominance in patients referred for CCTA. Therefore, the goal of the present study was to assess the prevalence and prognosis of coronary dominance in a large prospective, international multicentre cohort of patients undergoing CCTA.
Methods
Study design, patients, and outcome measures Patients with a balanced coronary artery system were excluded from the analysis, because of the low number of patients in this group. Cases with missing data on dominance were excluded from analysis; therefore, 6382 remaining individuals with and without CAD were included for the final analyses. The primary clinical endpoint of the study was a composite of all-cause mortality, non-fatal myocardial infarction (MI), and early and late coronary revascularizations. Non-fatal MI was defined as evidence of myocardial necrosis consistent with myocardial ischaemia, as detected by changes in cardiac biomarkers together with symptoms of ischaemia, ECG changes, or imaging evidence, according to the ESC/ACCF/AHA/ WHF consensus document on the universal definition of non-fatal MI. 21 Notably, in the CONFIRM registry, post-CCTA treatment regimens were not mandated and our database did not include information on previous or post-CCTA functional testing results. The study complies with the Declaration of Helsinki, and patient consent or a waiver of informed consent (as per recommendations of each institutional review board) was obtained at each site in keeping with site-specific regulations.
Data acquisition, image reconstruction, and CCTA analysis CCTA scanners used in the CONFIRM registry and data acquisition for CCTA have been described in detail previously. 9 
Results

Study cohort
The CONFIRM registry screened 27 125 CCTA patients at 12 participating centres in six countries. Patients were followed for a median of 2.1 years (interquartile range 1.5 -3.1 years). A total of 956 (3.5%) patients were lost to follow-up; for 20 743 patients, coronary artery dominance pattern had not been evaluated due to different reasons including technical reasons, extensive atherosclerosis, presence of occluding thrombi with large filling defects distally, or prior CABG. Thus, the final study population comprised 6382 patients (47% females, 53% males, mean age 56.9 + 12.3 years) with or without CAD remained for the present analysis and was included in the study. 
CCTA findings
Right dominance was present in 91% (n ¼ 5817) and left dominance in 9% (n ¼ 565) of the study population. Normal coronary arteries were found by CCTA in 3361 (53%) patients, non-obstructive CAD in 1787 (28%), obstructive CAD in 457 (7%), and severe obstructive in 776 (12%; Table 2 Data are presented as n (%) and mean + SD. Patients with a balanced coronary artery system were excluded from the analysis. BMI, body mass index; CAD, coronary artery disease.
Coronary dominance and prognosis in patients undergoing CCTA (420.0 in the right dominance and 363.0 in the left dominance, P , 0.0001, median comparison test; Table 2 ). In our study cohort, 648 (10%) patients had one-vessel disease, 351 (10%) had two-vessel disease, and 222 (3%) were diagnosed with three-vessel disease. The severity of CAD and stenosis location on CCTA differed significantly among patients with a left dominant and right dominant coronary artery system: patients with left dominance tend to have more nonobstructive CAD (35 vs. 27%, P , 0.0001) and significant stenosis in the left anterior descending or circumflex artery (19 vs. 14%, P ¼ 0.0067 and 10 vs. 7%, P ¼ 0.0203, respectively), whereas patients with right dominance tend to have more often normal coronary arteries (54 vs. 43%, P , 00001) or obstructive CAD in the RCA (10 vs. 5%, P , 0.0001; Table 2 ).
Event and survival rate
During a follow-up of 60 months, the composite endpoint occurred in 321 (5.0%) patients. All-cause mortality was reported in 100 (1.6%) patients, non-fatal MI occurred in 131 (2.1%), and 120 patients (1.9%) underwent revascularization. When comparing event-free survival during 5 years of follow-up in patients with normal coronary arteries according to coronary vessel dominance, survival rates for the cumulative incidence of all-cause mortality, non-fatal MI, and coronary revascularization did not significantly differ between patients with LCD or RCD (log-rank P ¼ 0.14, Figure 1B) , with low cumulative event rates of 1.7 and 0.9%, respectively. Similar results were obtained when a separate analysis for each endpoint in patients with normal coronary arteries was conducted (log-rank P ¼ 0.41 for all-cause mortality, log-rank P ¼ 0.13 for MI, and P ¼ 0.73 for coronary revascularization, data not shown). Likewise, in patients with significant CAD (.50% stenosis), no significant difference was observed in event-free survival between left dominant and right dominant coronary artery systems, with cumulative event rates of 18.8 and 19.1% after 5 years of follow-up for a right-and left dominant coronary artery system, respectively (log-rank P ¼ 0.84, Figure 1A ). These results remained the same when a separate analysis for each endpoint in patients with significant CAD was conducted (log-rank P ¼ 0.069 for all-cause mortality, log-rank P ¼ 0.63 for MI, and P ¼ 0.76 for coronary revascularization, data not shown) or when patients with obstructive CAD (stenosis 50 -70%; log-rank P ¼ 0.60, data not shown) or severe obstructive CAD (stenosis .70%; log-rank 0.92, data not shown) were analysed separately. When stratified for sex, patients with LCD and RCD showed similar survival rates for the incidence of all-cause mortality, non-fatal MI, and coronary revascularization (log-rank P ¼ 0.72 for males and log-rank P ¼ 0.3842 for females; Figure 2A and B).
Prognostic value of coronary dominance
Uni-and multivariable proportional hazards models confirmed that obstructive and severe obstructive CAD in both coronary variations were predictors of all-cause mortality, non-fatal MI, and revascularization, and had an incremental value over clinical variables ( Table 3) . In patients with non-obstructive CAD, a right dominant system was identified as a significant predictor of the combined endpoint when compared with patients without coronary artery atherosclerosis [hazard ratio (HR) 4.78, 95% CI 3.01-7.59, P , 0.0001, P value given for median Agatston score (non-normal distribution of data).
C. Gebhard et al. Coronary dominance and prognosis in patients undergoing CCTA P ¼ 0.1172, Table 3 ). When female and male patients were analysed separately, results remained the same (P , 0.0001 for females with RCD patients and non-obstructive CAD and P , 0.0001 for males with RCD patients and non-obstructive CAD, data not shown).
We further assessed the difference in a prognostic value between left and right coronary vessel dominance in patients with obstructive CAD for the composite endpoint of all-cause mortality, non-fatal MI, and coronary revascularization: Cox regression model analysis showed that the difference in the risk estimate of obstructive CAD between patients with a right dominant and those with a left dominant coronary artery system was statistically not significant (HR 1.04, 95% CI 0.68-1.59, P ¼ 0.8461, right vs. left dominant, Table 4 ). Similarly, in patients with normal coronary arteries or non-obstructive CAD, no difference in the predictive value between the two coronary dominance pattern was found (HR 0.46, 95% CI 0.16-1.32, P ¼ 0.1496 and HR 0.95, 95% CI 0.41-2.21, P ¼ 0.8962, right vs. left dominant, respectively, Table 4 ).
Furthermore, significant CAD in one vessel was also identified as a predictor for the combined endpoint with a HR of 16.92 (95% CI 5.5 -52.1, P , 0.0001 vs. normal coronary arteries) in the left dominant system and a HR of 24.43 (95% CI 15.9-37.5, P , 0.0001 vs. normal coronary arteries) in the right dominant system. Consequently, in both uni-and multivariable models accounting for individual Framingham risk factors, the risk was dose-dependently increased when more vessels were affected (data not shown).
Prognostic value of significant stenosis location
After stratification according to stenosis location, the rate of cumulative event for LCD patients with significant LAD stenosis was 8% for non-fatal MI, 9% for coronary revascularization, and 8% for all-cause mortality ( Figure 3A) , whereas in patients with right dominance and significant RCA stenosis event rates for non-fatal MI, HRs of CAD (non-obstructive: ,50% stenosis, obstructive: .50%stenosis, severe obstructive: .70%stenosis) for the composite outcome of all-cause mortality, non-fatal MI, and coronary revascularization in LCD and RCD compared with normal coronary arteries on CCTA. Patients with a balanced coronary artery system were excluded from the analysis. CAD, coronary artery disease; RF, risk factor; HR, hazard ratio; CI, confidence interval.
coronary revascularization, and all-cause mortality were 10, 12, and 4%, respectively ( Figure 3B) . A significant stenosis in the left coronary system (LAD and LCx) was observed in 1489 patients and was associated with an increased risk of the combined endpoint all-cause mortality, non-fatal MI, and coronary revascularization for left dominance (HR 7.01 for LAD and 3.83 for LCx) as well as for right dominance (HR 10.12 for LAD and 8.29 for LCx, Table 5 , lower panel).
However, significant left main disease was observed in 85 patients and the presence of LM disease conferred an increased HR for the combined adverse event by 6.45 after multivariable adjustment (95% CI 1.66-25.0, P ¼ 0.007) in patients with left dominance. In right dominance, however, LM disease was not significantly associated with the composite prognosis endpoint (HR 1.35, 95% CI 0.73 -2.51, P ¼ 0.3456 after adjustment for CAD and risk factors; Figure 3 HRs of CAD according to (upper panel) the amount of diseased vessels (one-, two-, and three-vessel disease) and (lower panel) the stenosis location for the composite outcome of all-cause mortality, non-fatal MI, and coronary revascularization in LCD or RCD compared with normal coronary arteries on CCTA. LM, left main artery; RCA, right coronary artery; CAD, coronary artery disease; RF, risk factor; HR, hazard ratio; CI, confidence interval. 
Discussion
In this prospective multicentre study, we systematically evaluated the prognostic value of coronary dominance assessed by CCTA in a large cohort of patients. When comparing event-free survival in patients with normal coronary arteries or obstructive CAD according to coronary vessel dominance, survival rates for the cumulative incidence of all-cause mortality, non-fatal MI, and coronary revascularization after 5 years of follow-up did not differ significantly between patients with LCD or RCD. In our study, right dominance was present in 91% and left dominance in 9%, which is not significantly different from values given in the literature, varying from 8.2 to 15% for left dominance and from 72 to 90% for right dominance. 10 -12,23,24 Left dominance was observed more often in males (62%) compared with females (38%), while previous retrospective studies indicate that there is no difference in coronary dominance with regard to gender. 23,25 -27 However, these differences may arise due to different selection of patients, e.g. the inclusion of low-to-intermediate risk patients at an advanced age in the present study. In contrast to our findings, two previous retrospective angiographic studies using cardiac catheterization databases in patients with ACS have shown that left dominance was associated with modestly increased odds of death during a 3.5-year follow-up (HR 1.13; 1.00 -1.28) or in-hospital mortality (HR 1.19; 1.06-1.34) following PCI, respectively. 12, 13 Nevertheless, those studies were retrospective analyses done on conventional angiograms and the study population consisting of high-risk ACS patients and patients with prior coronary artery bypass graft differed substantially from our study population. In a recent prospective study of 1425 patients referred for CCTA, non-fatal MI and all-cause mortality were increased (HR 3.15) in patients with left dominance during a 2-year follow-up period. 28 However, potential selection bias due to smaller patient numbers in this study cannot be excluded, and no differences in prognosis for different coronary dominance patterns were observed when coronary revascularization was included in the combined primary endpoint. Taken together, it seems that left dominance may have different prognostic values regarding short-and long-term mortality in patients with ACS compared with patients with stable CAD, thereby, emphasizing the importance of angiographic interventions in left dominance patients with ACS. However, prospective studies in patients with ACS are needed to confirm this. At present, little is known about the prognostic value of stenosis location in relation to coronary vessel dominance, and only one recent study in 1425 patients referred for CCTA demonstrated that a stenosis in the left coronary system was associated with an increased risk of events, while a stenosis in the RCA did not statistically significant predict events. 28 Our analysis among subgroups with left main disease showed an elevated hazard of the combined endpoint for left dominance that was statistically significant while a stenosis in the left main did not predict events in right dominance. This finding is consistent with previous observations in patients undergoing PCI for ACS. 13 Coronary vessel dominance has influence on the relative contribution of the different coronary arteries to the total left ventricular blood flow 29 and in most individuals with LCD, the RCA is usually small and often fails to reach the acute margin of the heart. Thus, a proximal stenosis of the left coronary artery may result in more extensive ischaemia and worse consequences in a left dominant system than in a right dominant system. In addition, the potential to rapidly form collaterals might be diminished in patients with a left dominant coronary artery system due to the fact that the RCA is not sufficient to perfuse the myocardium. 30 However, to date, the underlying pathophysiology has not been investigated and further research is needed to assess the effect modification by culprit lesion site or coronary collateral formation in patients with left main disease and left coronary system. The relationship between coronary vessel dominance and the extent of CAD remains uncertain as different studies showed opposing results. Indeed, one previous study has shown that LCD was associated with a higher incidence of atherosclerosis, 31 whereas others showed more extensive CAD in patients with a right dominant coronary artery system 12, 23 or did not detect differences in the extent of CAD between LCD or RCD. 26, 28 However, this discrepancy can most likely be explained by a potential selection bias due to small study populations, and the differences in modalities used for the assessment of CAD in these studies. In the present study, we observed a higher incidence of CAD (obstructive and nonobstructive) in left dominance patients, whereas the prevalence of normal coronary arteries was more frequent in right dominance. However, no difference in predisposition to three-vessel disease was seen between LCD or RCD which strongly supports the hypothesis that dominance pattern does not predict outcomes in patients with CAD. Interestingly, in patients with non-obstructive CAD, a right dominance system was identified as a significant predictor of the combined endpoint, whereas left dominance did not predict any events in this subpopulation. The possibility that intermediate lesions may carry an increased risk in right dominant circulations is of particular importance since it would challenge the current paradigm of nonintervention for these non-obstructive lesions. However, there was no statistically significant difference in univariate analysis in this subgroup when right dominance was compared with left dominance. Yet, our study was likely statistically underpowered to detect effect modification between left and right dominance in this subgroup with non-obstructive CAD.
As with any study, certain design limitations are inherent. Of note is the low prevalence of left and co-dominant coronary circulation in the general population. While our study was sufficiently powered to detect an effect size in LCD, we did not include patients with co-dominant circulation in our analysis, since our study was underpowered to detect statistical effect modification in this subgroup. Secondly, as with any observational, open-label registry, potential heterogeneity between sites, interobserver and intersite variability in CCTA diagnosis, and different post-CCTA treatment patterns cannot be excluded. Thirdly, in the CONFIRM registry, CAD was defined using CCTA and not using invasive coronary angiography or other imaging modalities; therefore, the possibility of false-positive or false-negative CCTA findings exists despite the performance of CCTA by international experts. Finally, information regarding the coronary dominance pattern was not uniformly available for our study cohort, since not all CONFIRM sites collected this information. Thus, the final study comprised only 23.5% of the entire CONFIRM population and, as such, may have the potential for selection bias which may limit the generalizability of the data. However, our study population is the largest, presently available prospective CCTA cohort evaluating the predictive value of coronary dominance and may therefore provide solid data and good evidence regarding the prognostic information of coronary dominance.
In conclusion, our findings suggest that that the assessment of coronary vessel dominance by CCTA may not enhance the risk stratification beyond the assessment of the degree of stenosis in patients with normal coronary arteries or obstructive CAD referred for CCTA, but may add prognostic information for specific subpopulations such as patients with left main disease or non-obstructive CAD.
